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Significance:  
Opioid use one year after hip fracture surgery is common, both in patients who were opioid users and 
non-users before the surgery. These significant findings point out the need for indication of benefits 
and risks of opioid use in the acute and long-term management of patients undergoing hip fracture 
surgery. 
What’s already known about this topic? 
- Few small studies reported on the risk of opioid use six months after hip fracture surgery, but 
none of the studies considered late initiation of opioids months after surgery.  
What does this study add? 
- One year after hip fracture surgery, 28.2% of all patients used opioids  
- Among patients without opioid use before surgery, 16.8% used opioids one year after surgery 
 
Abstract:  
Background: There is currently a knowledge gap regarding persistent opioid use after hip fracture 
surgery. Thus, opioid use within a year after hip fracture surgery in patients with/without opioid use 
before surgery was examined. 
Methods: This population-based cohort study included all patients (aged≥65) undergoing primary hip 
fracture surgery in Denmark (2005-2015) identified from the Danish Multidisciplinary Hip Fracture 
Database. Opioid use was assessed from The Danish National Health Service Prescription Database as 
redeemed prescriptions. The proportion of patients with ≥1 opioid prescription was computed within 
six-month before surgery and each of four three-month periods (quarters) after surgery, among 
patients alive first day in each period. Proportion differences (95%CI) were calculated for each 
quarter compared to before surgery. Proportions were calculated for users and non-users before 
surgery, including initiators after first quarter. 
Results: This study included 69,456 patients. Proportion differences of opioid users were 35.0 (95%CI 
34.5-35.5), 7.0 (95%CI 6.5-7.5), 2.9 (95%CI 2.4-3.4), and 1.4 percentage-points (95%CI 0.9-1.9) the 
four quarters after surgery compared to before. Among opioid non-users before surgery, 54.7% 
(95%CI 54.3-55.1) 21.8% (95%CI 21.4-22.2), 17.8% (95%CI 17.4-18.2), and 16.8% (95%CI 16.4-
17.2) were opioid users in 1
st
-4
th
 quarter after surgery. However, 8.5% (95%CI 8.2-8.7) of the non-
users before surgery in 4
th
 quarter initiated opioid use more than a quarter after surgery.  
Conclusions: The proportion of opioid users increased after hip fracture surgery and was 1.4 
percentage-points increased in fourth quarter compared to before. Of opioid non-users before surgery, 
16.8% were opioid users fourth quarter after surgery. 
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1. Introduction  
Opioid use has increased substantially worldwide during the past 20 years, in particular in United 
States and Canada, but also in many European countries including Denmark (Birke et al., 2016; 
Gomes et al., 2018; Wetzel et al., 2018). The highest consumption of opioids is found in individuals 
aged 65 years or older (Birke et al., 2016). This is unfortunate, as elderly are more prone to opioid-
related adverse events which occur in 80% of patients on opioid therapy, and include dizziness, 
cognitive impairment, addiction, mortality, and increased fall and fracture risk, including hip fractures 
(Birke et al., 2017; Lindestrand et al., 2015; Teng et al., 2015).  
Hip fracture is a leading cause of hospitalization and a major worldwide public health problem. 
Scandinavian countries, in particular Denmark, have the highest annual hip fracture incidence rate in 
the world (Kanis et al., 2012). Many patients present with comorbid disease and polypharmacy 
(Agustí et al., 2012; Driessen et al., 2016) which is a strong prognostic factors for 1-year mortality 
after hip fractures (Pedersen et al., 2017).  
Few studies have investigated opioid use before and after hip fracture surgery and reported a slight 
increase in the proportion of patients who used opioids six months after hip fracture surgery compared 
to before surgery (Kragh et al., 2011; Lindestrand et al.    15      erg et al., 2010). Additionally, one 
of the studies found, that 2.9% of patients who did not use opioids before surgery, used opioids six 
month after surgery (N=413) (Lindestrand et al., 2015). However, the study only considered opioid 
use at the time of admission and after exactly three and six months (Lindestrand et al., 2015). In 
addition, neither of the studies considered late initiation of opioids months after surgery and studies 
are limited by small numbers of patients. Thus, there remain doubts surrounding the actual proportion 
of patients who use persistent opioids related to hip fracture surgery. Thus, a complete clarification of 
opioid use within the year after hip fracture surgery, based on available nationwide population-based 
data is lacking.  
The aim of this Danish nationwide cohort study was to examine opioid use within a year after hip 
fracture surgery in elderly patients with/without opioid use before surgery. 
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2. Methods   
2.1 Settings 
This population-based cohort study was conducted in Denmark, using prospectively collected  data 
from medical and administrative registries, which cover all contacts to the health sector (Sørensen, 
1997). Primary and secondary medical care of all Danish citizens are provided nationally by tax-
supported healthcare. Data were linked on an individual-level by the ten-digit personal identification 
number (CPR number), which is used in all Danish public registries. (Frank, 2000) The present study 
was approved by the Danish Data Protection Agency (Central Denmark Region record number: 1-16-
02-467-15).  
2.2 Data sources 
The Danish Civil Registration System was initiated in 1968 and contains information on date of birth, 
age, sex and continuously updated information on vital status (Schmidt et al., 2014).  
The Danish Multidisciplinary Hip Fracture Database contains nationwide population-based data about 
all patients undergoing primary hip fracture surgery since 2003 (Kristensen et al., 2016). All 
orthopedic departments in Denmark provide data to the database and reporting is mandatory. 
Preoperative and perioperative data are collected prospectively upon hospital admission.  
The Danish National Health Service Prescription Database maintains information on all prescriptions 
for dispensing by community pharmacies in Denmark since 2004 according to Anatomical 
Therapeutic Chemical classification system (ATC codes). The database includes name and brand of 
the drug, quantity, formulation, date of refill, codes identifying the prescribing physicians, and the 
dispensing pharmacy (Johannesdottir et al., 2012). Information on hospital dispensaries are not 
included in the database. 
Furthermore, the Danish National Patient Registry provides comprehensive information on all somatic 
patients from Danish hospitals since 1977 and on all outpatient clinic and emergency room visits since 
1995. Primary and secondary diagnoses are coded according to the International disease classification 
of diseases 10
th
 edition (ICD-10). Data was retrieved on all somatic diagnosis before the hip fracture 
in order to measure comorbidity (Schmidt et al., 2015). Codes for diagnoses, procedures, and drugs 
are available in the supplemental. 
2.3 Study Population 
The study included all hospitalizations for patients aged 65 years or older sustaining fracture of 
femoral neck, per-, or sub-trochanter fracture and undergoing a surgical procedure for osteosynthesis 
or total/partial hip replacement at the same hospital admission in Denmark from 1
st
 of January 2005 to 
31
th 
of December
 
2015 and registered in the Danish Multidisciplinary Hip Fracture Database 
(TableS1). For patients with more than one hip fracture during the study period, only the first 
admission was included in the study cohort.  
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2.4 Opioid prescriptions 
Prescriptions for opioids were identified for the following periods; six month before surgery and one 
year after surgery divided into four three-month periods (quarters). Opioid prescriptions dispensed by 
community pharmacies within a seven-day period before and after hip fracture surgery were not 
included because the topic of interest was not perioperative opioid use and because data on in-hospital 
opioid use are not available in the Danish National Health Service Prescription Database. 
The patients were identified as opioid users in each period if they redeemed one or more of any opioid 
prescriptions and as opioid non-users if they did not redeem any opioid prescriptions in the given 
period. The variables for redeemed prescriptions of opioids, including possible patterns of changing 
between being opioid user and opioid non-user in the different periods are illustrated in Fig. 1.  
Patients were identified as late initiators of opioids, if they did not redeem opioids in one (or more) 
quarter after surgery, but redeemed opioids in a subsequent quarter. The following opioids were 
included in the analysis; morphine, hydromorphone, nicomorphine, oxycodone, oxycodone combined 
with naloxone, pethidine, fentanyl, ketobemidone, methadone, codeine, tramadol, tapentadol, and 
buprenorphine (TableS2). 
2.5 Covariates 
Information on age (in categories 65-74, 75-84 and ≥85 years)  sex  fracture type (femoral neck and 
per-/subtrochanter fracture), and surgery type (osteosynthesis and total/partial hip replacement) were 
identified from the Danish Multidisciplinary Hip Fracture Database. For each patient, the Charlson 
Comorbidity Index (CCI) score (Charlson et al., 1987; Thygesen et al., 2011) was computed as a 
measure of comorbidity using primary and secondary diagnoses from any in- or outpatient contact ten 
years preceding the date of hip fracture surgery. CCI was calculated from the ICD-10 diagnoses based 
on the 19 diseases categories (TableS3). All patients were categorized according to one of the three 
levels of comorbidity defined as: a score of 0 (low), given to patients with no previous record of 
diseases included in the CCI; a score of 1-2 (medium); and a score of 3 or more (high).  
2.6 Statistics 
Median age and interquartile ranges were calculated for the study population. Characteristics of the 
study population (numbers and proportions) at the time of surgery were calculated overall and 
separately for opioid users and opioid non-users before surgery. The number and proportions of 
patients who redeemed prescriptions for the different types of opioids were calculated and presented. 
Patients had to be alive on the first day of each of the four quarters after surgery in order to be 
included in the calculation of proportion of opioid users in the particular period. The differences 
between overall proportions of opioid users in each quarter compared to before surgery were 
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calculated with corresponding 95% confidence intervals (CI). Furthermore, the proportion of opioid 
users and late initiators of opioids after hip fracture surgery were illustrated graphically separately for 
opioid users and opioid non-users before surgery. A chi-square for test of trends of proportions of 
opioid users after surgery were performed both among opioid users and opioid non-users before 
surgery. The trends were considered significant if P<0.05. 
Statistical analyses were performed in STATA version 15 (StataCorp, TX, USA) and Microsoft Excel 
(2013, Microsoft, Seattle, Washington, USA). 
 
3. Results  
3.1 Patient characteristics 
A total of 69,456 patients, aged 65 or more underwent primary hip fracture surgery in Denmark from 
the 1
st
 of January 2005 to the 31
st
 of December 2015. Median age for patients at the time of surgery 
was 83 years (interquartile range: 77-88). Characteristics of the patients are presented in Table 1. 
Women comprised 49,714 (71.6%) of the patients. Opioid users before surgery had a higher 
comorbidity level compared with opioid non-users. Among all patients, 18,109 (26.1%) died before 
the fourth quarter after surgery, this concerned 5,808 (31.2%) of the opioid users and 12,301 (24.2%) 
of the opioid non-users before surgery.  
 
3.2 All patients undergoing hip fracture surgery 
Before hip fracture surgery, 18,617 (26.8%) of all patients redeemed at least one opioid prescription 
and were classified as opioid users. After hip fracture surgery, 41,291 (61.8%), 19,288 (33.8%), 
15,950 (29.7%) and 14,464 (28.2%) patients were opioid users in the first to fourth quarter, 
respectively. The proportions of patients who were opioid users in each period are illustrated in Fig. 2. 
The proportion of opioid users increased by 35.0 percentage-points (95% CI: 34.5-35.5) in the first 
quarter, 7.0 percentage-points (95% CI: 6.5-7.5) in the second quarter, 2.9 percentage-points (95% CI: 
2.4-3.4) in the third quarter, and 1.4 percentage-points (95% CI: 0.9-1.9) in the fourth quarter after hip 
fracture surgery compared to the proportion of opioid users before surgery. The number and 
proportions of patients who redeemed prescriptions for the different types of opioids are presented in 
table 2. The prescription rates of the opioid types change to some extent doing the year after surgery. 
The most frequently prescribed opioids before hip fracture surgery were tramadol, morphine, 
oxycodone and codeine whereas the most frequently prescribed opioid after surgery during each 
quarter were tramadol, oxycodone, morphine and fentanyl. Additionally, codeine and tramadol 
seemed less frequently prescribed in third and fourth quarter after hip fracture surgery than before 
surgery. Still, this did not point out wheatear the weak or strong opioids are mostly prescribed in the 
different periods. 
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3.3 Opioid non-users before surgery 
The proportion of patients who were opioid non-users before hip fracture surgery but became opioid 
users in each quarter after the hip fracture surgery are presented in Fig. 3 a. Additionally, the 
proportion of patients who were opioid non-users before surgery, but initiated opioids after the first 
quarter is illustrated. Among patients who were opioid non-users before surgery, 26,791 (54.7%, 95% 
CI: 54.3-55.1), 9,243 (21.8%, 95% CI: 21.4-22.2), 7,110 (17.8%, 95% CI: 17.4-18.2) and 6,470 
(16.8%, 95% CI: 16.4-17.2) became opioid users in the first to fourth quarter after hip fracture 
surgery, respectively. Further, 1,370 (3.2%, 95% CI: 3.1-3.4), 2,646 (6.6%, 95% CI: 6.4-6.9), and 
3,897 (8.5%, 95% CI: 8.2-8.7) of patients who were opioid non-users before surgery were late 
initiators of opioids in the second to fourth quarter after surgery. In addition, 2,573 (8.3%, 95% CI: 
7.9-8.8) of the opioid non-users before surgery redeemed opioid prescriptions in all four quarters the 
year after hip fracture surgery. The test of trends for proportions among opioid non-users before 
surgery indicated a decreasing proportion of opioid users the year after surgery (P<0.001). 
 
3.4 Opioid users before surgery 
The proportions of patients who were opioid users before surgery as well as in each quarter after 
surgery are presented in Fig. 3 b. Additionally, the proportions of late initiators of opioids in second to 
fourth quarter after surgery among opioid users before surgery are illustrated. Of the opioid users 
before surgery, 14,500 (81.2%, 95% CI: 80.6-81.8), 10,045 (68.0%, 95% CI: 67.2-68.8), 8,840 
(64.8%, 95% CI: 63.9-65.6) and 7,994 (62.4%, 95% CI: 61.6-63.2) were also considered opioid users 
in the four quarters after surgery, respectively. Further, 443 (3.0%, 95% CI: 2.7-3.3), 1,052 (7.7%, 
95% CI: 7.3-8.1), and 1,297 (10.1%, 95% CI: 9.6-10.7) of the opioid users before surgery, re-initiated 
opioid use after being opioid non-users in at least one quarter, in second to fourth quarter after 
surgery, respectively. In addition, 6,697 (52.3%, 95% CI: 51.3-53.3) of the opioid users before 
surgery redeemed opioid prescriptions in all four quarters the year after hip fracture surgery. The test 
of trends for proportions among opioid users before surgery indicated a decreasing proportion of 
opioid users the year after surgery (P<0.001).  
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4. Discussion  
In this nationwide cohort study, 26.8% of patients undergoing hip fracture surgery were opioid users 
before surgery. In the first quarter after surgery, 61.8% were opioid users decreasing to 28.2% in the 
fourth quarter. Thus, the proportion of opioid users was 1.4 percentage-points (95%CI 0.9-1.9) higher 
one year after surgery compared to before surgery. Additionally, 16.8% (95%CI: 16.4-17.2) of 
patients who were opioid non-users before surgery became opioid users in the fourth quarter after 
surgery, and 8.3% (95%CI 7.9-8.8) were opioid users in all four quarters after surgery.  
The short term increase in proportion of opioid users in first quarter after surgery compared to before 
surgery in the present study (35.0 percentage-points, 95%CI: 34.5-35.5 in first quarter) is similar to 
findings from previous studies. In a study by Lindestrand et al., (2015), 81% of 413 patients 
undergoing hip fracture surgery used opioids at hospital discharge compared to 24% prior to the 
surgery (Lindestrand et al., 2015). After other types of surgery, similar results within the first three 
months have been reported (Helmerhorst et al., 2014; Wunsch et al., 2016). These findings are 
important since opioid use immediate after hip fracture surgery has been established as a risk factor 
for long-term opioid use (Brummett et al., 2017). On the other hand, opioid therapy may be necessary 
in regard of pain control after surgery, and evidence support that relevant and adequate postoperative 
treatment, including treatment with opioids, limit the risk of persistent opioid use (Cassim et al., 2013; 
Colón-Emeric, 2012). 
Only few previous studies examined opioid use six months after hip fracture surgery ( ragh et al.  
  11   indestrand et al.    15      erg et al., 2010). Identified proportions of opioid use before 
surgery ranged from 21-24% at admission and were slightly increased at six month after surgery 
ranging from 22-30% ( indestrand et al.    15      erg et al., 2010). The present study extended 
these finding by focusing on opioid use up to one year after surgery. The proportion of opioid users in 
the present study was still increased in fourth quarter after hip fracture surgery (1.4 percentage-points, 
95% CI 0.9-1.9). The proportion of opioid users after the surgery were not expected to decrease below 
the level before surgery and thus, the increase in opioid users may seem minor. Nevertheless, any rise 
in long-term opioid users after hip fracture is concerning, since it is a risk factor for secondary 
fractures and there seems to be an interplay between long-term opioid use after surgery, high opioid 
doses, comorbidity level, and the high mortality in the hip fracture population (Lindestrand et al., 
2015; Pedersen et al., 2017).  
Results from the present study showed that the proportion of patients who were opioid non-users 
before surgery but became opioid users up to a year after hip fracture surgery (16.8%, 95% CI: 16.4-
17.2 in fourth quarter after surgery) were considerably higher than the 2.9% identified six months 
after hip fracture surgery in a study by Lindestrand et al. (2015) on 413 patients (Lindestrand et al., 
2015). In general, surgery has been found to induce chronic opioid use in about 3% of patients who 
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did not use opioids prior to the surgery (Clarke et al., 2014; Uhrbrand et al., 2018). However, even 
after taking late initiators of opioids into account, data from the present study suggest that exposure to 
opioids for postoperative pain treatment may lead to prolonged use. The higher identified proportion 
may be explained by the somewhat higher age in the present study and the dissimilar measure points 
for opioid use. Other studies define opioid use as recipients at exact time points (at admission and 
three and six month after the surgery), whereas the present study defined opioid users as patients 
redeeming any opioid prescriptions during four quarters after the surgery. Additionally, Lindestrand et 
al. (2015) stated that more than half of the patients were discharged with an opioid withdrawal plan 
(Lindestrand et al., 2015). Information about withdrawal plan was not available in the present cohort.  
The proportion of opioid users before surgery who were opioid users in fourth quarter after the 
surgery (62.4%, 95% CI: 61.6-63.2), were considerably higher than indicated in previous studies 
concerning other types of surgery (Armaghani et al., 2014; Goesling et al., 2016; Inacio et al., 2016; 
Raebel et al., 2013). For instance, a study by Goesling et al. (2016), found that only 34.7% of 103 
arthrosis patients who used opioids before total hip arthroplasty received opioids six month after the 
surgery. However, the arthrosis patients presents with a considerably lower median age and, opposite 
hip fractures, arthrosis may be associated with chronic pain, which may resolve after surgery 
(Goesling et al., 2016). Persistent opioid use after hip fracture surgery may not be unexpected as 
opioid use prior to a hip fracture is most likely related to other, clinical conditions, since hip fractures 
are acute events (Goesling et al., 2016; Lindestrand et al., 2015).  
Treatment of postsurgical chronic pain could explain the long-term opioid use found in the present 
study. A study by Fletcher et al. (2015) found that nearly 12% of patients undergoing elective surgery 
(especially orthopedic surgery e.g. total hip arthroplasty) suffered from moderate to severe pain 12 
month after surgery. (Fletcher et al., 2015) Additionally, this indicates that opioid use long-term after 
surgery could be appropriate due to a high request for pain relief. However, it is important to consider 
that elective hip arthroplasty is indicated by arthrosis, which may itself, opposite hip fractures, cause 
chronic joint pain both before and after surgery (Lindestrand et al., 2015). Furthermore, lack of 
sufficient opioid treatment is common, and cause poor pain management in many elderly patients. 
Opioids may be superior to non-opioid alternatives in the elderly as regards safety and effectiveness. 
Thus, continuous monitoring of pain level is appropriate to secure adequacy of the opioids. (Abdulla 
et al., 2013; Auret and Schug, 2005; Scholten et al., 2018) 
4.1 Study strength and limitations 
Study strengths include the large nationwide population-based design with access to universal 
healthcare system and individual patient-data-linkage. Prospective data collection and complete 
follow-up reduce selection bias. The positive predictive value of the hip fracture diagnosis is between 
68% and 98%, depending on fracture and surgery-type (Baron et al., 1994; Hudson et al., 2013; 
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Kristensen et al., 2016; Schmidt et al., 2015) Since hip fracture is an acute conditions requiring 
hospitalization and surgery, the risk of bias due to lack of registration of patients in the Danish 
National Patient Registry is low. Additionally, dispensing according to the Danish National Health 
Service Prescription Database is considered a good measure of medication intake even in the presence 
of some misclassification (Schneeweiss and Avorn, 2005). 
Potential limitations in the present study include lack of data on the intended clinical indication for 
each prescribed opioid treatment, which limited the ability to assess the appropriateness of the 
observed opioid use (Goesling et al., 2015, 2016). Patients’ pain status and  enefit from opioid use 
were not available in the present study. Furthermore, information on whether prescribed opioids were 
intended for regular use or as needed, and daily dose were not available (Ruan et al., 2017). Thus, it is 
unknown whether patients consuming lower doses were more likely to quit the opioids. Finally, 
information about other drugs were not available in our dataset, drugs which could potentially affect 
opioid use, such as antidepressants, non-steroid anti-inflammatory drugs or fall prophylactic dugs. 
4.2 Clinical implications  
A large population worldwide may start up a long-term opioid use annually after hip fracture surgery. 
Due to the high incidence of hip fracture, fragility, comorbidity, polypharmacy, and adverse events, 
preventive measures should be investigated and implemented to limit inappropriate and ineffective 
opioid use after hip fracture surgery.  
5. Conclusion 
Use of opioids the year after hip fracture surgery in elderly patients is common. One year after hip 
fracture surgery 28.2% of patients were opioid users, which is 1.4 percentage-points increased 
compared to before surgery. Among patients who were opioid non-users before surgery, 16.8% 
became opioid users one year after surgery, and 8.5% of the opioid non-users before surgery initiated 
opioid use more than a quarter after surgery and were opioids users in the fourth quarter after surgery.  
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Figure legends: 
Fig. 1: Flowchart for opioid users before and after hip fracture surgery. The flowchart illustrates 
data on redeemed opioid prescriptions. For each period, patients were categorized as opioid users (+) 
if they redeemed at least one opioid prescription and as opioid non-users (÷) user if they did not 
redeem an opioid prescription. The arrows illustrates the possible patterns of switching between status 
of opioid user and non-user in the periods. The red arrows illustrate the definition of late initiation of 
opioids after hip fracture surgery. Redeemed prescriptions seven days before and after surgery (the 
grey area) are not included. 
Fig. 2: Opioid users before and after hip fracture surgery. Illustration of the proportion of patients 
(alive at day one of the period), who were opioid users before surgery and each quarter the first year 
after surgery. Each dot illustrates the percentage of living patients (y-axis) who were opioid users in 
the certain period (x-axis). The vertical solid line illustrates the date of hip fracture surgery, and the 
dashed lines illustrates 7 days before and after surgery, which were not included in the prescription 
analysis. (Q1; n= 66,836, Q2; n=57,113, Q3; n=53,678, Q4; n=51,347). Q: Quarter. 
Fig. 3: Opioid users after hip fracture surgery among previous opioid non-users and users. 
Opioid users each quarter one year after hip fracture surgery among patients who were opioid non-
users (a; n=50,839) and opioid users (b; n=18,617) before surgery. The total bars illustrates all the 
patients in the group who were opioid users in each quarter after surgery. The red bars illustrates the 
percentage of patients who initiated opioids later than first quarter after hip fracture surgery. Q: 
Quarter. 
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Table legends: 
Table 1: Characteristics of the hip fracture cohort according to opioid-status before surgery, 
Denmark, 2005-2015. N: Number of patients in the group, CCI: Charlson Comorbidity Index. 
Table 2: The distribution of different types of opioids at the different periods. The number and 
proportion of patients redeeming opioids of the different types 6 month before surgery and the four 
quarters after surgery. Some patients redeem prescriptions for more than one type of opioid at each 
stage, thus, the high proportions. Q: Quarter 
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